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ABSTRACT 
Zinc is present in the metalloenzyme carbonic anhydrase 
which is found in the ciliary body and is involved in the 
production of aqueous humor. It is known that a reduction 
in carbonic anhydrase, via carbonic anhydrase inhibitors, lowers 
intraocular pressure. This paper investigates the possibility 
that chronic subnormal zinc nutriture may also decrease 
carbonic anhydrase activity and thus lower intraocular pressure. 
Ten subjects each having intraocular pressures ~ lOmm Hg, as 
measured by Goldmann tonometry, were selected from a normal 
clinical population. Ten control subjects, having intraocular 
pressures from 12-l?mm, were matched to the experimental group 
for sex and age. Hair zinc and other mineral levels were 
assessed for all subjects at the Parmae Laboratory in Dallas, 
Texas. Results indicate that there is no significant difference 
(at the .01 level) in hair zinc and oth~r mineral levels for the 
experimental and control groups. 
ii 
INTRODUCTION 
The presence of zinc in living organisms and its role as 
an essential nutrient for plants and animals has long been 
recognized. However, its ubiquity in food makes it seem 
unlilcely that sufficient zinc deprivation would occur to result 
in significant problems in human nutrition or clinical medicine. 
This attitude has now changed. Zinc deficiency in man was 
established in 1963 when Praasad and his co-workers reported 
on the causative relationship of this mineral to the occurrence 
of dwarfism and hypogonadism in boys in parts of the Middle 
East. 1 
In the past decade, zinc deficiency has been recognized 
in children in the United States.2 The children were identified 
by very low concentrations of zinc found during a survey of 
mineral concerttration in hair. These low hair zinc levels, 1n 
what were considered to be normal children, were associated with 
impaired taste acuity, poor appetite and low growth percentiles. 
Zinc is an integral part of several metalloenzymes including 
carbonic anhydrase, alkaline phosphatase, lactic,malic, and 
glutamic dehydrogenases, and carboxypeptidase.J In addition, 
zinc acts as a cofactor in a variety of enzyme systems including 
DNA dependent - RNA polymerase, arginase, enolase, several 
peptidases, oxalactic decarboxylase and carnosinase.3 It has 
become apparent that zinc is involved in a wide range of 
cellular activities and is vitally involved in fundamental 
1 
processes of RNA and protein synthesis and metabolism. 
Recent attention has emphasized the importance of zinc for 
visual function.4 The eye has some of the highest concentrations 
of zinc in the entire body, with the retina, choroid, and ciliary 
body having especially high concentration.5,6 The high levels 
of zinc in these tissues are thought to be related to the 
activity of zinc dependent enzymes.5 Underlying almost all 
the work on zinc metabolism is the concept that zinc 
deficiency results in decreased activity of a zinc related 
enzyme? which in turn may lead to clinical signs and symptoms. 
For example, retinal dehydrogenase is a zinc dependent enzyme 
found in the retina; this enzyme converts retinol (vitamin A) to 
retinal (vitamin A aldehyde), which is necessary for rhodopsin 
formation. Rats fed a diet deficient in zinc were shown to 
have a decreased zinc concentration in the retina and a significant 
reduction of retinol dehydrogenase activity. 8 Humans with 
night blindness and documented zinc deficiency showed a return 
to normal dark adaptation threshold levels after treatment with 
zinc and vitamin A. Treatment with vitamin A alone resulted in 
no change. 9' 10 ~:hus. zinc deficiency can decrease the activity 
of a critical enzyme in the retina, with consequent manifestation 
of the clinical symptom of night blindness. 
Another zinc-dependent enzyme that is found in red blood 
- cells, gastrointestinal mucosa, ·kidney tubules and the ciliary 
body epithelium is carbonic anhydrase. Friedenwold, in 1949, 
first· suggested that the carbonic anhydrase found in the 
ciliary body cf the eye was involved in the formation of 
aqueous humor. 11 li\Jistrand and Garg maintain that the 
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physiological role of carbonic anhydrase in the ciliary body 
of human eyes is to catalyze the hydration of co2 to ensure 
the rapid primary formation of bicarbonate ions. 11 Some 
authors then suggest that the primary event in the secretory 
process of aqueous production depends on the formation of 
these bicarbonate ions . 12 The work on carbonic' anhydrase 
inhibitors such as acetazolamide further suggests that the 
formation and transfer of bicarbonate ions by carbonic 
anhydrase is important for aqueous production and maintenance 
of intraocular pressure. It is well known that acetazolamide 
(Diamox) causes a decrease in the rate of the formation of 
aqueous in glaucomatous and normal eyes by reducing the 
activity of carbonic anhydrase. This reduction in the rate 
of formation of aqueous leads to a lowering of intraocular 
pressure. 13 The presence of acetazolamide has been shown 
to decrease the rate of transfer of bicarbonate ions from 
the ciliary processes to aqueou& As a consequence, the rate 
of entry of water into the aqueous is diminished and the 
12 intraocular pressure is reduced. > 
Research by Galin, Nano, and Hall has shown that when 
acetazolamide is given Systemically, the ocular zinc concen-
tration is unaltered in the ciliary body, where acetazolamide 
is known to exert a physiological effect .5 However, the 
availability of the zinc for the protein moiety of the enzyme 
may be altered so that the enzyme activity is reduced even 
though the tissue content of zinc remains the same. It is 
also known that acetazolamide inhibition is reversable, 
3 
therefore one would not expect a quantitative change in zinc 
concentration~ but rather a change in activity caused by an 
alteration in substrate site availability, polarity, or other 
factors. The carbonic anhydrase found on human erythrocytes 
is inhibited by a number of agents known to form complexes 
with metal ions; these agents are thought to act by combining 
. . 14 
Wl th zJ.nc. 
Carbonic anhydrase is a zinc dependent enzyme whose 
inhibition by acetazolamide results in a lowering of 
intraocular pressure. Chronic suboptimum zinc nutriture may 
cause a similar lowering of intraocular pressure through a 
decreased carbonic anhydrase activity due to a change in 
zinc availability. 
Serum levels and hair analysis are two of the most 
frequently used techniques to determine zinc defiency. Hair 
analysis gives average mineral levels for a period of several 
months as opposed to blood chemical analysis which gives 
information related to a specific period in time. For the 
diagnosis of a chronic state of metabolic deficiency hair 
analysis is more informative. The second advantage of hair 
analysis is that hair mineral levels seem to reflect the 
intracellular concentrations while serum levels indicate 
1 ~ 
extracellular levels. 5 Since most minerals are involved 
in intracellular functions, hair levels would be better 
suited to assess the levels of the minerals to determine if 
an excess or deficiency is occuring within the cells. This 
study attempts to evaluate the possible effects of chronic 
lj, 
sub-optimum zinc nutriture in the cells of the ciliarybody; 
therefore hair analysis was selected as the diagnostic test. 
Thus to determine if low intraocular pressure is a result of 
low zinc nutriture, we measured the level of hair zinc in 
patients with low intraocular pressure found routinely in a 
normal clinical population and in patients with normal 
intraocular pressure. The analysis used to determine hair 
zinc levels in these patients also assessed the levels of 
other minerals found in the hair; these will also be reported. 
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METHODS 
Subject Selection 
The experimental group consisted of ten subjects with 
intraocular pressures of ~10 mm Hg as measured by Goldmann 
tonometry. These subjects were selected from patients who 
had undergone complete visual exams at Pacific University 
Optometry Clinic, who exhibited intraocular pressures at 
or below 10 mm Hg, and who exhibited no ocular or systemic 
pathology. Testing consisted of confirming that the patients 
fulfilled the pressure criterion with remeasurement of intra-
ocular· pressure by Goldmann tonometry. After the low 
pressure cri~erion was confirmed, the patient's case history 
was updated to assure that the subjects were free of systemic 
disease and were not undergoing any nutritional supplementation 
for metabolic deficiencies. Direct opthalmoscopy and visual 
field testing were performed to help establish the absence 
of ocular pathology. A control gourp of 10 subjects 
consisting of patients and students at Pacific Uhiversity 
College of Optometry, with normal pressures ranging from 12 
to 17 mm Hg were matched. to the experimental group for age and 
. sex. Control subjects were sc.reene.d for hep.lth and diet?.ry 
supplementation in the same fashion as the experimental group. 
Hair Analysis 
Hair samples were obtained from all subjects using the 
6 
following technique. Approximately J grams of recent hair 
growth (within 2 inches of the scalp) were obtained from the 
sub-occipital region of the head. A pubic hair sample was 
obtained from one subject who had recently had a permanent. 
(Permanents may alter the results of hair analysis.) The 
hair samples were analyzed for zinc and other minerals using 
atomic absorbtion spectrophotometry by Parmae Laboratory, 
Dallas, Texas. 
Several factors alter zinc levels in the hair. These 
include sex, age, hair color, distance of hair sample from 
the scalp, and bleaching, dyeing and permanent waving of the 
hair. 16 ,i7,lB,i9, 20 Schroeder and Nason found variations in 
zinc levels o£ different hair colors; blond hair was found 
17 to have relatively low concentration.J.. Attempts were made 
to minimize these variables by matching for sex and age, 
screening for bleaching, dyeing, and permanent waving, and 
using a standard technique for obtaining hair samples. 
Data Analysis 
Results from the low intraocular pressure and normal 
intraocular pressure groups were compared using a paired 
two-tailed t-test. A p value of .01 was used to determine 
significance. 
7 
RESULTS 
The 12 female and 8 male subjects ranged in age from 22 
to J6. The range of intraocular pressure in the test group 
was 7 to 10 mm Hg and the range in the control group was 
12 to 17 mm Hg. 
The results of analysis of the hair minerals is shown 
in Table 1. The mean zinc value for the low intraocular 
pressure group was 20 + 7 mg%. The mean zinc value for the 
control group was 24 ± lJ mg%. There was no significant 
difference between the two groups at the .01 level. 
Comparison of hair levels of other minerals also showed no 
significant differences between the low intraocular pressure 
group and the normal intraocular pressure group. 
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DISCUSSION 
Our res~lts indicate that there is no significant 
difference between hair zinc levels in subjects with low 
intraocular pressure and with normal intraocular pressure. 
Several factors which may have influenced the results of this 
study warrant consideration and further investigation. 
Perhaps only a very slight concentration change of 
zinc in the ciliary body is sufficient to alter enzyme 
activity; this change may not be reflected in hair levels. 
Several studies indicate that h&ir analysis is useful in the 
diagnosis of clinical zinc deficiencies or to evaluate dietary 
intake, but cannot be used to define the state of zinc 
metabolism or critical levels of intracellular zinc. 17, 21, 22 
Deeming and Weber found that subtle zinc deficiencies in the 
. t . f. d . h . 1 l 21 d1et of rats were no quant1 1e 1n a1r eves. 
Another consideration which may have contributed to the 
results is the regulation of carbonic anhydrase activity. 
Perhaps the concentration of zinc in the ciliary body is not 
the critical factor for carbonic anhydrase activity; alterations 
of zinc avail&bility or "usefulness" to the enzyme, in the 
presence of ad~quate zinc concentration, may affect activity. 
It is also possible that other factors, unrelated to zinc, 
may be critical in regulating carbonic anhydrase activity. In 
either case, the zinc levels in the low intraocular pressure 
9 
group and the normal intraocular pressure group could be the 
same, but differential enzyme activity would resL;.lt. 
Other factors in the regulation of intraocular pressure 
may be reflected in the results of this study. The role of 
carbonic anhydrase activity in regulating aqueous humor 
production and affecting intraocular pressure has been 
documented. The fact that aqueous humor production is the 
critical regulating process in subjects with low intraocular 
pressure is another question. Structural variations which 
increase the efficiency and rate of aqueous outflow, such 
as larger pore size in trabecular meshwork, or greater 
surface area of tl"Ie drainage network, may be responsible for 
the difference in intraocular pressure between the two 
groups. 
A review of recent literature provides little information 
concerning trace elements and intraocular pressure. A study 
by.Lane indicated that low hair chromium levels are 
significantly related to the level of elevation of intraocular 
pressure seen during sustained accommodative closework. 23 
Results of our study show no significant difference in hair 
chromium levels between subjects with low intraocular pressure 
and those with normal intraocular pressure; however no attempt 
was made to control the accommodative response of the subjects 
during 1ntraocular pressure measurement. 
In summary, there was no significant difference in the 
hair levels of zinc and other minerals between subjects with 
low intraocular pressure and those with normal intraocular 
10 
pressure. Perhaps a more appropriate and informative test 
for zinc would be to assay the activity of serum alkaline 
phosphatase, a zinc requiring enzyme whose activity might 
be affected by small changes of intracellular zinc. 24 
Further work is needed to determine if zinc and other minerals 
are critically involved in the production of aqueous humor and 
the maintenance of intraocular pressure. 
11 
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TABLE 1: . HAIR MINERAL LEVELS IN SUBJECTS WITH LOW lOP AND NORMAl lOP 
Subjects With low lOP Subjects With Normal lOP 
Mineral Normal Range 1 Mean + SD Mean + SD 
r--
' 
Essential Zinc 13 - 21 (M) 20 ± 7 24 .± 13 
Minerals 15 . 21 (F) 
Calcium 32 - 72 (Mi 111 + 118 I 183 + 192 
40 . 87 (F) 
Magnesium 3.2 - 7.2 (M) 12.9 ± 15.2 I 13.7 + 14.9 i 
6.0 - 10.0 (F) 
Sodium 19 . 62 15 + 7 16 + 4 
-
' Potassium 16 - 46 8 + 4 8 + 4 
Copper 1.2 . 3.2 2.7 + 2.4 i 1.6 ± 1.2 
Phosphorus 9 - 15 12 ± 3 12 + 2 
I-' I Iron 1.8 + 4.5 (M) 1.8 ± .4 1.4 + .9 .{;:=' 2.7 5.5 (f) -
Manganese .07 - .23 .25 ± .07 .17 + .05 
-
Chromium .04 . .08 .06 ± .02 .04 + .02 I 
I Nickel .15 .. .45 .23 + .06 .33 + .13 
- - I Selenium4 .04 - .12 .03 ± .01 .03 .± .01 
I 
Arsenic4 
j 
Toxic .01 - .03 .01 ± .003 .01 + .oo : 
Minerals .~ Mercury4 
.01 .20 .08 .± .04 .10 + .04 . 
-
Cadmium .01 - .15 .09 .± .05 .06 + .02 
- I lead .1 . 2, .5 ± .3 .4 + .1 
Other Aluminum .01 - 2.0 .63 ± .24 .71 + .28 i I Minera!s5 - I Silicon .08 . .25 .15 ±. .11 .13 + .04 I -
Cobalt .04 - .16 .08 ± .04 .09 + .04 I 
- I lithium .01 - .03 .01 ± .003 .01 + .00 
1. As determined by Parmae laboratory, Dallas. TX. 
2. All levels in mg %. 
3. M· Males; f - Females. 
4. Nine pairs - data not available for one subject. 
5. Essentiality - toxicity not well documented. 
